The study of the solid helium isotopes is of basic interest in condensed matter physics since these systems represent the prototype of a quantum solid. For this reason considerable efforts have been addressed to the understanding of their microscopic static and dynamical properties from both the experimental and the theoretical points of view [1, 2] . As far as the dynamics is concerned neutron spectroscopy can provide unique information about both collective and single-particle excitations in these systems. In particular, in the case of solid 4 He, Inelastic Neutron Scattering (INS) from collective modes has been extensively employed to test the inclusion of anharmonic contributions in theories, such as, for instance the self-consistent phonon approach [1] .
More recently Deep Inelastic Neutron Scattering
(DINS) has provided information on the single-particle momentum distribution function, particularly on the mean kinetic energies, which have been successfully compared with the most advanced ground-state simulation techniques [3] [4] [5] [6] [7] [8] . On the contrary 3 He has been by far less investigated mainly because of its large neutron absorption cross section. The only exceptions are some solid phase neutron diffraction measurements [9] [10] [11] and, more recently, some DINS measurement performed in the liquid phase which have proven to be a very sensitive test of the single-particle properties derived from theoretical models [12] [13] [14] [15] [16] [17] .
In this letter we report the first experimental determination of single-particle mean kinetic energies E K in the solid, bcc and hcp phases, and in the high density liquid 3 He, by means of DINS. This technique is at present the only one which allows direct access to single-particle dynamical properties, such as momentum distribution, n( p), and in particular E K , [18] exploiting the large values of momentum exchange and energy transfer in the scattering process [3] . As a matter of fact, under these circumstances, the Impulse Approximation (IA) yields a scattered intensity, determined by the single particle dynamical structure factor S( q, ω), which turns out to be given by:
where M is the sample atomic mass. This scattering law can be then expressed in terms of a scaling function:
is the West scaling variable [19] . The function F (y,q), often referred to as the Neutron Compton Profile (NCP) [19] , represents the probability density distribution of y, the atomic momentum component along the direction of momentum transferq.
The present DINS experiment has been performed on the eVS spectrometer, an inversegeometry instrument operating at the ISIS pulsed neutron source (Rutherford Appleton Laboratory, Chilton, Didcot, UK) [18] , where an intense flux of incident neutron in the 1 − 100 eV spectral range is available. It has to be stressed that, owing to the already quoted absorption problems, measurements on solid 3 He require a careful choice of the experimental parameters and of the scattering geometry. Indeed the neutron absorption cross section for 3 He atoms has been estimated to be σ a = 5333 barn for 25 meV neutrons [20] , about three orders of magnitude larger than the total scattering cross section σ sc = (6.85 ± 0.12) barn [21] , and to follow the usual 1/v law, v being the neutron velocity. In order to minimize the absorption of the sample it is therefore important to perform the experiment 3 using the highest available incident neutron energies. In addition the use of a backscattering geometry is mandatory in order to achieve the high momentum transfer required by the IA.
The inelastic neutron spectrum has been determined using the filter difference technique measuring the time of flight of the neutrons absorbed by the 4.908 eV resonance of the Au foil filter [18] . The scattered neutrons have been detected using scintillator detectors placed in the angular range 100 o < 2θ < 148 o , thus yielding a momentum transfer ranging from 90.0Å −1 to 140.0Å −1 and an energy transfer from 5 eV to 13 eV [18] . This yields an average ratio between the absorption and scattering cross section of about 30.
The experiment has been performed at a constant temperature of 2.00 K varying the applied pressure in order to obtain a high density liquid sample, a body centered cubic (bcc)
sample and an hexagonal close packed (hcp) sample of 3 He (see Tab Table I . The time-offlight spectra were corrected for detector efficiency and normalized to the monitor counts by using standard routines available on eVS [18] . Thanks to the high absorption cross section of 3 He samples, the estimated multiple scattering contribution turned out to be negligible [23] . As far as the absorption correction is concerned, it has been evaluated through a Monte
Carlo simulation [12, 24, 25] . The fixed-angle experimental resolution, R n (y), determined for each n th detector through an experimental standard calibration using a lead sample , was found, as in previous eVS measurements on 4 He and 3 He [24] [25] [26] [27] , to be well described by a Voigt function. This calibration ensures a reliable estimate of the line-shape resolution function [28] . Experimental spectra from different detectors have been transformed into y space and described in terms of the response scaling function, F (y, q), where the dependence on the direction of momentum transferq has been omitted due to the liquid and polycrystalline nature of the samples with no preferred orientation. The q-dependence of F (y, q) arising from deviations to the IA is generally described in terms of the Final State Effects (FSE) [1, 29] . Strictly speaking this dependence vanishes in principle only in the asymptotic limit q → ∞ (performed keeping y = const). [1, 29] . However it has been shown, both theoretically [30] and experimentally [27, 31] , that for liquid 4 He in the high q range accessed by eVS, FSE are negligible and do not affect significantly the peak shape. Furthermore a self-consistent phonon evaluation of the lattice density of states [32] confirms that, for solid 4 He and 3 He and for q larger than 30Å −1 , these effects are almost negligible and shows that their leading term is odd in y. Therefore we have performed a y-symmetrization [29] on present data in order to cope with the presence of small FSE before performing the analysis within the IA framework [27] . Previous DINS measurements on solid 4 He confirm the reliability of such a procedure [4] [5] [6] 8] . Following this procedure a single function, F (y), averaged over all the 32 detectors is derived. It is reported, for bcc and hcp phases, in Fig. 1 where the experimental resolution function, R(y), obtained averaging the single detector experimental resolution R n (y), is also reported (dotted line). The values for E K are obtained assuming a Gaussian 5 function for the n(p) and exploiting the second moment sum rule for F (y) [1, 19] :
where σ y is the standard deviation of F (y).
For solid samples, the choice of a Gaussian function for the n(p) , and hence for F (y),
can be justified through the use of the central limit theorem [33] , even in presence of strong anharmonicities, and it has already been successfully used in solid 4 He [4] [5] [6] 8] . For the liquid sample we stress that, even at low densities 3 He where deviations from Gaussian shape are expected to be relevant, previous attempts to extract E K , through both Gaussian and non-Gaussian n(p), have provided the same results within the experimental uncertainties [14] . In the present work, values of σ y are obtained fitting the experimental data with a Voigt function, resulting from the convolution of this Gaussian representing F (y) and the experimental resolution function, R(y). An example of the fit on the experimental data is shown in Fig. 1 (full line) while the values of the mean kinetic energy derived are reported in Tab. I. In Fig. 2 the molar volume dependence of E K is plotted together with the same quantity evaluated by both Diffusion Monte Carlo (DMC) calculations [34] and by the self-consistent phonon method [35] . From Fig. 2 we observe that the experimental values of E K are in a remarkable agreement with the DMC calculations for both liquid and solid phases, while they lie systematically above the results of the self consistent phonon approach.
It can be noted that since in the latter approach the anharmonicity is accounted for only through the introduction of a cubic term, it is suggested that higher order anharmonic terms need to be considered.
In conclusion for the first time experimental determinations of the single-atom mean kinetic energy in solid and high density liquid 3 He are reported. The experimental method employed, namely Deep Inelastic Neutron Scattering of epithermal neutrons, allowed to overcome the difficulties arising both from the strong neutron 3 He absorption and from the presence of FSE, which render the extraction of E K particularly difficult [31] . 
